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SPECTROPHO'IOMETRIC DETERMINATION OF ZINC AND OTHER METALS 
WITH o<, /1, Y, [ -TETRAPHENYLPORPHINE 
by 
Ramon Edward Bisque and Charles v. Banks 
ABSTRACT 
Analytical procedures for the determination of trace amounts of 
zinc in various metals were developed utilizing the spectrophotometric 
properties of the zinc complex of ex., 4, y-, J -tetraphenylporphine 
in glacial acetic acid. 
The metals to which these determinations are applied are those 
soluble in acetic or formic acid or those whose oxides are soluble 
in these acids. One application deserving of particular mention is 
the spectrophotometric determination of trace amounts of zinc in 
cadmium metal. 
A procedure for an indirect determination of other metals is 
presented. 
ISC-781 
SPECTROPHOTOMETRIC DETERMINATION OF ZINC AND OTHER METALS 
~ * WITH c;J.., 1_;;, Y, J -'IE1'RAPHENYLPORPHINE 
by 
Ramon Edward Bisque and Charles V. Banks 
I NTRODUCTION 
There ras been a rapidly increasing interest in porphyrin studies 
during the last twenty years. The successful synthesis and purification 
of sev~ral simpler porphyrins has paved the way for research aimed at 
the understanding of the more complex naturally occurri ng porphyrins 
which are an integral part of life itself. The basic porphyrin struc-
ture of hemoglobin and chlorophyll and the presence of many porphyrin-
metal complexes in crude petrole1un lend broad appeal and a keen interest 
to these studies. 
Porphyrins, both simple and complex, and their metal complexes 
possess, as one of their most striking physical properties, a series 
of well defined and intense absorption bands in the visible region of 
the spectrum. These bands serve to identify and differenti ate porphy-
rin compounds. The different metal complexes of a given parent porphy-
rin compound have characteristic absorption bands between 400 and 700 
mu which ar·e determined by the effect of the central metal consti tuent 
on the ele~tronic transitions in the molecule. 
The absorption bands appear in two sets, the first in the region 
of about 700 to 450 mu. The latter set, commonly referred to as the 
Soret bands, have extinction coefficients ten-to twenty-fold larger than 
those between 700 and 450 mu. The relative magnitude of the molar 
absortivities (liters per· mole centimeter) of t he four main bands between 
700 and 450 mu classify the porphyrin compound as one of three types, 
"Etio", 11 Chloro", or "Rhodo" (5). 
'Ihe term "porphyrin" is used to denote all tetrapyrrolic compounds 
1 
in which the rings are linked by methine carbons in a closed conjugated 
system (4). "Porphines" are porphyrins in which none of the ~- or .6'~carbons 
within the pyrrolic rings are reduced (4). The structure of o\, ;8, y; [-
tetraphenylporphine is shown in Figure 1. Removal of the phenyl groups on 
*Thi.s report is based on an M.S. thesis by Ramon Edward Bisque submitted June, 
1956, to Iowa State College, Ames, Iowa. This work was done under contract 
with the Atomic Energy Commission. 
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the four linking carbons would result in a molecule of 11 porphine 11 , simplest 
of all porphyrins. If two adjacent carbons in any one of the pyrrolic rings 
are reduced, the porphyrin is referred to as a 11 chlorine 11 • Hence, complex 
porphyrins may have· either a 11 porphine 11 or a 11 chlorine" type fundamental 
ring structure. 
Although most of the divalent metal porphine c omplexes have rather simi lar 
spectra, there are quite defi nite differences which depend on whether or not 
a d orbi tal is available for covalent bonding. 1hose metals which have such 
an orbital have spectra which are shifted to the blue and characterized by 
a very depressed first band in the first electronic transition, e.g., copper, 
silver, nickel, and cobalt. The divalent metals in which covalent bonding 
is limited to s and p orbitals have spectra which are shifted to the red and 
which are characterized by a much more intense first vibrational band, e. g., 
magnesium, barium, zinc, cadmium, and t i n.. Those metal-porphine complexes 
which are completely ionic in character, e.g., sodium, lithium, and potassium 
have spectra of an entirely different nature. 
Although many metal complexes of simpler porphines have been prepared 
and their spectra studied, none have thus far been us ed in the quantitative 
determination of the metals involved. This report is concerned with the 
development of analytical procedures for the determination of zinc and 
other metals utilizing o< ' 4' (', a -tetraphenylporphine ' a s i mple' 
tetrasubstituted, Etio type porphine. 
o!., 1), y, t-Tetraphenylporphine, hereinafter referred to as TPP, is 
the substituted porphine formed by the cyclic condensation of pyrrole and 
benzaldehyde. The yields of the parent compound porphine from the condensa-
tions of pyrrole and formaldehyde are so poor t hat separation and purifica-
tion are extremely tedious. Yields of TPP are sufficiently large to permit 
the preparation of a relatively large amount of material. 
The published reports dealing with the ~evelopment of procedures for 
the ~reparation of TPP are included in the following section -along with a 
brief review of the literature c oncerning the metal complexes of TPP. 
LI 1ERA 'lURE SURVEY 
Although the literature on porphyrins in general is quite abundant, the 
publications dealing with porphines and their metal complexes are far less 
numerous. A number of reports deal with the preparation and purification 
of tetrasubstituted porphines (3, 5, 6, 12, 15, 16, 17, 18) and three of 
these are concerned spec i fically with TPP (6, 15, 18). A complete l iter-
ature survey on the development of procedures which led to the preparation 
of pure tetrasubstituted porphines is included i n a thesis by J. H. Priesthoff (14). 
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In 1941 Rothemund and Menotti (18) reported the sypthesis of TPP on a 
preparative scale by the condensation of pyrrole and benzaldehyde in special 
Carius tubes. Aronoff and Calvin (5) used the same method in 1943 to 
prepare a quantity of TPP for use in their studies of pprphyrins. Three years 
later, Ball, Dorough, and Calvin (6) described a synthesis of "the zinc 
complex of TPP and claimed that the method could be used to indirectly 
prepare practically pure TPP in yields of the order of twice that possible 
by direct synthesis. 
In 1953 Priesthoff and Banks (15) reported poor results with 
the method proposed by Ball, et al. for the preparation of TPP and presented 
a new method of separati ng the-reaction products. This method i nvolves 
the preparation and subsequent decomposition of t he zinc complex followed 
by chromatographic purification of the liberated free base. The new method 
afforded an 18 per cent yield and enabled them to prepare an appreciable 
quantity of TPP, a portion of which was used in the present investigation . 
A report by Albers and Knorr (2) in 1941, the third in a series con-
cerned with studies of the simple porphyrins, presented the absorption 
spectra of 12 different metal complexes of TPP. They reported that the 
variations in the spectra of the metal complexes of TPP were m~ch greater 
than those found in the spectra of other tetra-substituted porphines 
studied (1, 3, 12). A table was included in which the calculated molar 
absorptivities of the 12 complexes and TPP are given at several wave lengths. 
In 1948 Rothemund and Menotti (19) reported on the preparation and 
analysis of 21 different metal complexes of TPP and presented the data 
for absorption spectra of these compounds in the visible region of the 
spectrum. Their work was undertaken with the aim of furnishing reliable 
material for physico-chemical studies on the structure of porphyrin 
metal complexes, especially in connection with the study of chlorophyll. 
The report included a table which gave the relative solubilities of the 
metal c omplexes in nine different solvents. Three generalized methods of 
complex preparation were included for the preparation of each complex. 
Barnes and Dorough (7) studied the exchange and replacement reactions 
of TPP in 1950. They found that the metal complexes derived f rom the smaller 
divalent metals are, in general, quite resistant to hydrolysis, show 
marked similarities in spectra and underF,o no exchange reactions with isotopes 
of the same metal. It was shown that replacement reactions are possible, 
however, as was demonstrated by replacement of zinc by copper with prolonged 
refluxing. The complexes of larger divalent metals are less resistant to 
hydrolysis, differ in spectra from those of the smaller divalent metals 
and undergo replacement reactions with them. The complexes of the alkali 
metals are re adily hydrolyzed by water, exhibit spectra somewhat similar 
to those of the large divalent metals and undergo replacement by both 
small and large divalent metals. Other studies of exchange and replacement 
reactions of porphyrins have been made (20, 21). 
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In 1951 Dorough, Miller, and Huennekens (8) also reported on the spectra 
of the metal complexes of TPP. Their report contained quantitative absorption 
spectra of 17 complexes together with t he oscillator strenghts for the elec-
tronic transitions involved. The oscillator strength is a characteristic 
constant which measures the total absorption of an electronic transition and 
thus permits an evaluation of the effect of the central metal substitutent 
on porphine spectra. 
In 1955 a report originating from the laboratories of an oil refining 
firm (11) delt with the volatilities of naturally occurring porphyrins in 
petroleum. Previous investigations had shown t hat some of the deleterious metals 
in petroleum products are present as organic complexes which are volatile 
and that a wet-ash procedure recovers more of the metals than a dry-ash 
t~~hnique. This report presented the results of wet- and dry-ash procedures on 
synthetic blends of several TPP metal complexes and compared the merit of the 
procedures for the determination of trace metals in oils. 
MA'IElUALS AND APPARAWS 
Reagents 
Glacial acetic acid 
Fifty ml. of acetic anhydride was added to each five pound bottle of 
reagent grade glacial acetic acid (99.7% minimum) at least 12 hours before 
use. This acid was used to prepare all solutions. In some cases it was 
necessary to add small amounts of water to effect solution of certain 
compounds: Acetic a~ydride can then be added to react with the water, 
although 1n several 1nstances this caused very slow precipitation of the 
compound. Since all solutions used were ultimately mixed with others and 
thus made more dilute, advantage may be t ak en of the slowness of this 
precipitation by using the solution soon after the acetic anhydride has had 
time to react. 
Acetic anhydride in appreciable excess, five to ten per cent, and pro-
bably higher , has no effect upon the reactions involved nor upon the spectra 
of TPP and its metal complexes. 
Metal acetates 
"Baker s Analyzed" acetates were used whenever possible, otherwise 
ordinary reagent grade salts were used. A 1 x lo-3 M. iron acetate solution 
was prepared by dissolving electrolytically pure iron metal in dilute 
glacial acetic acid. Finely divided iron metal was dissolved by constant 
refluxing in hot, dilute glacial acetic acid for approximately 24 hours. 
When solution was complete the volume was reduced by evaporation and the 
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temperature of the vapor above the boiling liquid yaken. Acetic anhydride was 
th~n added slowly until the temperature reached 118°c., the boiling point 
of glacial acetic acid. 
Cadmium formate 
Cadmium formate was prepared by adding cadmiurq car'Qonate to 100 ml. 
hot - ~ormic acid up to the point of saturation, addi~g an additi onal 50 ml. 
of formic acid, and allowing the solution t o cool ~lowly. Crystallization 
progressed slowly for about 24 hours after which time the supernatant was 
decanted and the crystals dissolved in distilled w&ter to be recrystallized. 
After a third crystallization the crystals were spnead out on a watch glass 
and set aside to dry at room temperature. 
d u<3 , YJ rl -Tetraphenylporphine (M.W. 614.17) 
The TPP used was a por t ion of that prepared by Priesthoff and Banks(l5). 
A 1.75 x 10-4M. stock solution was prepared by refluxing qne liter 0f glacial 
acetic acid containing .1075 grams of free base TPP for six hours to dissolve. 
Five ml. of this solution diluted to volume in a 25-~1. volumetric flask 
gives the desired concentration for the procedures outlin~d below. 
Chloroform added to the glacial acetic acid will hasten solution of 
the TPP. The spectra of solutions prepared with and without the use of chloro-
form are identical, but a difference in absorbance at 551 mu is noted when 
a given amount of zinc is added to aliquots of e ach. This occurs even 
though the solutions have been subjected to prolonged refluxing to expel 
chloroform. The effect on the zinc-TPP equilibrium is probably caused 
by decomposition products of chloroform. This would cause no difficulty 
if the same stock solution of TPP were used throughout a procedure. All 
TPP solutions used in this investigation were prepared without the use of 
chloroform. 
Standard zinc solution 
A standard zinc solution was prepared qy dissolvi ng .336 grams of 
"Bakers Analyzed" zinc acetate in one liter of glacial acetic acid. It 
was sometimes necessary to add a small amou~t of water to effect solution. 
This is best done by keeping the acetic acid hot and adding water slowly 
i n 0.5 ml. increments until the solid is dissolved. 
Such a solution contains 10 ugs. of zinc per 0.1 ml. and can 
easily be delivered from a microburette to the nearest ug. A more dilute 
solution, used in indirect methods for the determination of metals other 
than zinc was prepared by diluting 50 ml. of the above solution to volume 
in a 500 ml. volumetric flask, yielding a solution containing 0.1 ug, of 
zinc per 0.1 ml. 
.• 
Special Apparatus 
Glassware 
The microburettes used were 5-ml. Kimble Exax, calibrated to 0.01 
ml. and the volumetric flasks and pipettes were of the Pyrex class "A" type. 
The Soxhlet extractors us <·d in preparing TPP complexes were standard 
taper 11 small scale organic glassware" manufactured by Metro Industries. 
The extraction thimbles used were the 10 x 50 mm. size, manufactured by 
Schleicher and Schull in Switzerland. 
Absorption cells used in spectrophotometric studies were one, five, and 
ten em. cylindrical absorption cells with corex windows. 
Spectrophotometer 
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A Cary model 14 recording spectrophotometer was used in this investigation. 
Surgeon' s gloves 
Rubber surgeon's gloves were worn at all times to prevent uncomfortable 
acetic acid burns. Gloves should be checked each t j.me before they are worn 
for small holes which might permit acid to enter. This is important because 
the burning sensation is not noticed until the skin is already damaged by 
the acetic acid. Burned areas become white and eventually form large 
blisters which cause loss of the outer skin layers making further burning 
extremely painful. 
PREPARATION OF TPP COMPLEXES 
Discussion 
The absorption spectra of TPP and its metal complexes are quite distinctive 
over the range of 400 to 700 mu. There is essentially no absorption from 
700 to 900 mu and only a small amount below 400 mu. The spectrum of TPP 
in benzene has five characteristic bands in the visible region, one of which 
is more than 15 times as great as any of the others. The relative molar 
absorptivities of the four lesser bands classifies TPP as an "Etio type" 
porphyrin (5). The highest or Soret band at 420 mu has a molar absorptivity 
in excess of 300,000 while the highest band i n the region of 450 to 700 
mu has a molar absorptivity of approximately 19,000 with the other three 
8 
progressive~ smaller in magnitude toward 700 mu (Figure 2). The metal complexes 
of TPP all display the very high Soret band below 450 mu with molar absorp-
tivities which vary slightly. For different metal complexes of TPP the most 
significant of the four "Etio type" bands between 450 and 700 mu varies in 
position and the molar absorptivity values range from about 15,000 to 25, 000. 
Hence the complexes are best identified by the position and magnitude of this 
absorption band. The metal complexes do not necessarily display four maxima 
in the 450-700 mu region; some have as few as two. 
At least 21 metal complexes of TPP have been prepared and studied (8, 12, 19). The spectra of complexes formed from metals of the same group 
show only slight variations, while the spectra of metal complexes from 
different e;roups are, as a rule, ouite different. '!he complexes are usually 
prepared frbm the free-base TPP; some, however, may be synthesized directly (6). 
Monovalent metal ions complexed either as the monosalt b.r the disalt are not 
very stable, most of them being readily decomposed by water or alcohol. 
Complexes formed from small divalent metal ions such as zinc, nickel, and 
copper are quite stable. The small ions are centrally located in the complex 
and are held by covalent bonds. The larger divalent metal ions such as 
lead and mercury are too large to fit inside the molecule and must be outside 
the plane of the ring(?). These metals are held in place primarily by 
coulombic forces and are comparatively unstable. 
Of the trivalent ions only iron has been studied to any extent. 
Sterically, it would be almost impossible for a tetravalent ion to form 
a complex involving two molecules of TPP. The four phenyl groups lie at 
right angles to the plane of the porphine nucleus (8), and would impose 
conditions beyond the limits of any tetravalent ion. 
Preparation of Complexes Already Reported in the 
Literature 
Complexes of zinc , lead, tin, copper, and iron were prepared following 
the procedures outlined by Rothemund and Menotti (19). The quantity of react-
ants was reduced about 10 times to conserve TPP. The reaction products were 
purifi ed by extraction in a micro Soxhlet extractor with an appropriate 
solvent. Crystals were allowed to form very slowly and if none appeared after 
24 hours, methanol was added to the mother solution to hasten precipitation. 
The spectra and molar absorptivities checked very well with those r eported 
by Dorough , Miller, and Huennekens (8). 
In attempting to prepare the Fe(Cl)TPP complex via the procedure outlined 
by Rothemund and Menotti (19) a discrepancy was encountered. The absorption 
spectrum of the final product corre~ponded almost perfectly with spectrum of 
the Fe(OH)TPP complex as reported by Dorough, et al. (8). Obviously, the 
sodium chloride added had no e f fect on the complex. A sol~tion of the Fe(OH)TPP 
complex in benzene was s~aken with an HCl solution in a separatory funnel for 
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five minutes, the phases were separated, and the benzene layer dried over 
anhydrous sodium sulfate befor~ the absorption spectrum was determined . This 
spectrum corresponded exactly to that of the Fe(Cl)TPF complex as reported (8). 
Attempts to Form Complexes of Metals Other than 
Those Reported in the Literature 
Attempts were made to form TPP complexes of erbitlm, neodymium, and aluminum. 
Since all were unsuccessful, only the general procedures employed 1-vill be 
outlined and experiment.gl details will be omitted. 
Erbinm oxide was dissolved in glad al acetic Reid containine small amounts 
of dilute hydrochloric acid . Neodyrilium o:xide readily dissolved in glacial 
acetic acid . The solutions were evaporated slowly to drynesE and the aceta t es 
were added to a hot solution of TPP in pyridine. The reaction mixtures were 
refluxed for two hours and then concentrated by evaporation before an aliquot 
was removed to check for complex formation. Next the reaction was attempted 
in a strongly alkaline medium. The same procedure was followed and 10 ml. of 
a 40 percent methanolic potassium hydroxide solution was added to the pyridine 
and the mixtures refluxed for three hours after the addition of the metal 
acetates . Complex formati_on vvas also attempted in an acidic medium, formic 
and acetic acids being used. Hhen the above three general methods (l9)gave 
no results, variations of each were applied with no success. In each case 
the absorption spectra of the final solution corresponded to that of TPP 
in the particular reaction solvent. 
Each of the methods mentioned above was applied in an effort to form 
an aluminum complex. When these failed;similar reactions were 1attempted in 
Carius tubes. Rea~ent-grade aluminum acetate , a pyridine solution of TPP 
and one gram of sodium chloride were refluxed to~ether and then a portion of 
the solution along with some of the undissolved solids was sealed in a Carius 
tube . The tube 1-Jas placed in a metal safety tube containing glass wool and 
l eft i_n an oven at l50°C. for 20 hours. When the tube cooled) the solutions 
were removed, concentrated by evaporation, cooled , and filtered. After 
extrac tion of the solid 1.vith 3 different orr,anic solvents, the absorption 
curves of both the pyridine and the organic solvents were measured. All 
of the TPP r emaining in the solid extracted into the first organic solvent, 
benzene , and both this and the pyridine solution displayed the absorption 
spectra of unaltered TPP. Similar Carius tube r eactions Here attempted 
with different anions present and und0r more alkaline conditions ; none, 
however, showr'd any sign of alumi num complex formation. 
--
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'IHEORY INVOLVED IN ANALYTICAL APPLICA'liONS 
Job's Plot of the Zinc-TPP System in Glacial 
Acetic Acid 
1. 'I'PP fulfills nearly all the requirements for an inner complex compound. 
It has available two acidic and two coordinating functional groupsJ thus making 
it possible for it to complex with divalent cations in a 1:1 ratio. The porphine 
molecule is amphoteric in nature and may form acid salts involving the addition 
of protons to the center of the porphine as well as metal derivat ives involving 
the loss of protons from the center. The spectra of these salts are influenced 
by the nature of the acid (8). 
The absorpti on spectrum of TPP in glacial acetic acid (TPPH4(0Ac) 2 ) is de -
cidely different than its spectrum in benzene (Figure 3). It includes the 
very large Soret band below 450 mu and only one significant band between 450 
and 700 mu. This maximum occurs at 655 mu . 
It was noted that the addition of zinc acetate to an acetic acid solution 
of TPP enhanced the abs orpt "i on a.t 551 fill;, resulting in a new maximum while the 
'I'PP maximum at 655 mu decreased proportionately, suggesting the f ormation of 
a complex. The additi on of more zinc enhanced the peak at 551 mu until the 
TPP band at 655 mu reached a minimum and remained constant, indicating that 
all of the 'I'PP was complexed. This latter effect occurred only when the zinc 
vJas in appreciable exce ss . 
'I'he addition of approximately 30 u~. of zinc to 25 ml. of a 3. 5 x 10-5M. 
TPP solution ( 'I'PP in excess) prorl.uced an absorption band at 551 mu which could 
be further enhanced by heat i n p; the solution . Hence , it was assumed that an 
equilibrium was being e s tablished tetwe en ZnTPP and TPPH4 (0Ac) 2 and that 
the enhancement of absorption at 551 mu caus Pd by heating repre sented an 
i ncrease in reaction rate. 'lhe zinc-'IPP equilibrium was established in approx-
imately one hour at room temperature. In Figure 4. curve B, t he absorbance 
at 551 mu is plotted vs. time elaps ed after mixing of the zinc and 'I'PP solutions. 
The method of continuous variations was applied to study the complex 
formed in glacial acetic acid (2 2 ). Complex formation may be represented 
by the equilibrium: 
A+ nB ·~ABn 
in which A is a metallic ion and B an anion. To determine n, solutions of 
A and B of the same molar concentration are mixed in varying proportions, 
(1) 
and a suitable property of the resulting solutions is measured. 'Ihe difference 
(Y) between each value found and the corresponding value of the property calculated 
for no reaction is plotted against the composition. The resulti ng curve 
(Y against composition) should have a maximum if the property measured has 
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a larger value for the complex ion t han A or B, or a nunlmum if smaller. It 
has been shown that the composition at which t he difference, Y, is a maximum 
indicates the value of n of Equation 1 and is independent of the equilibrium 
constant. 
Applied to the zinc-TPP system, A represents the zinc i on, B sienifies 
TPP, p.nd the property measured was the absorbance at 551 mu. The results, 
represented by the graph in Figure 5, prove a 1:1 ratio for the complex . · 
The equilibria involved in glacial acetic acid may be postulated as f ollows: 
(2 ) 
Factors Affecting Equilibria 
It was noted that the addition of sodium acetate in concentrations 
below 1 x 10-JM. to a solution of p:lacial acetic acid in which equilibrium 
2 was established would shift the equilibrium to the ri p:ht and en.hance 
ZnTPP formation. The addition of water or a small amount of acid would 
shift the equilibrium to the left and hinder or prevent Zn1PP f ormation. 
The introduction of other metal acetate salts at low concentrations served 
to enhance Zn TPP f ·ormation. 
The above observati ons are compat ible with the theory of solvent systems(9). 
According to t~is the ory, any substance that increases the s olvent cation 
concentration is an acid while any substance that increases the anion concen-
tration is a base . Thus in glacial acetic acid, the acetate i on fp_ncti ons 
as a "proton sink" or a base and shifts equilibrium 2 to the right. 
To study this effect, a series of 20 solutions containing equal amounts 
of TPP and zinc in glacial acetic acid were prepared. The TPP was prest~ nt in 
an appreciable excess. Aliquots of a sodium acetate solution WPre added4to 
each t~ incre ase t he sodium acetate concentration in the series from 10-
to 10- ~ The effect on the zinc-TPP equilibrium is shown by curve B i n 
Figure 6. After reaching a maximum which represents those s olutions in 
which equil ibrium 2 is shifted completely to the ri p;ht,the slope of the 
curve bec omes ne gative, indicating that some eff ect causes equilibrium 
2 to shift to the left, decreasing the amount of ZnTPP formed . 1his same 
general type curve was observed in runnjng similar series with other metal 
acet ates. Magnesium acetate, however, caused no enhancement at low concen-
tration~ although the same revers al of slope took place at approximately 
2 x 10- M. magnesimn. 
This reversal is due to at least two factors, that of increpsed i onic 
strength which markedly decreases the activities in a solvent vJith as low 
a dielectric constant as acetic acid (dielectric constant = 6.1) and the 
formation of ion pairs due to excess acetate concentration . The significance 
of the latter effect was shown experimentally by maintaining an effectively 
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constant ionic strength in the system by the addition of sodium perchlorate 
at a concentration great enough to completely reverse the equilibrium. This 
concentration was chosen so that the resulting ionic strength would be high 
enough to render further addition of electrolytes ineffective in altering 
the activities of the system (10). Subsequent addition of sodium acetate 
further increased the ionic strength of the system but displayed its basic 
effect by shifting equilibrium 2 to the right again. The latter effect, 
however, reached a maximum after which reversal again took place, indicating 
that some factor other than ionic strength alone is responsible for the over-
all reversal effect (Figure 7). Quantitative comparison of the two effects 
indicates that the influence of ionic strength is the major factor. 
The change in absorbance which takes place at 551 mu when 5-microgram 
increments of zinc are added to 25 ml. of a 3.5 x 10-~M. solution of TPP in 
glacial acetic acid is shown in Figure 8. It can be seen that the upper 
extremity of this calibration curve deviates from a straight line plot as t,he 
excess TPP is depleted. The absorption values representing from 10 to 45 ug. 
of zinc, however, fall on a straight line which traverses an absorption 
change of approximately 0.85, making it possible to determine easily the zinc 
concentration to the nearest microgram. Curve B in Figure 8 represents the 
absorbance readings at 551 mu in an identical series of solutions to which 
zinc has been added as zinc perchlorate. Yne presence of perchloric acid 
formed on solvolysis of the perchlorate anion shifts equilibrium 2 to the left. 
Perchloric acid in concentrations greater than 5 x 1o-5M. is sufficient 
to completely prevent the formation of ZnTPP. Formic acid can be tolerated 
in concentrations up to 5 x 10-2M. if the solution is kept anhydrous . This 
tolerance can, of course, be increased by the addition of sodium acetate. 
From the preceding discussion of the factors affecting equilibrium 2 
in glacial acetic acid, it can be seen that several limitations are imposed 
on the development of analytical applications utilizing acetic acid as a 
solvent. These limitations and others will be considered in a later section 
after examples of the analytical procedures which have been developed are 
outlined. 
ANALYTICAL APPLICATIONS 
Determination of Zinc 
Metals soluble in acetic acid 
Trace zinc may be determined in metals soluble in acetic acid such as 
magnesium, the alkali metals, and many of the rare earth metals. This is 
best accomplished by preparing a calibration curve with varying amounts of 
zinc in solutions containing the major constituent, magnesium for example, 
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at an appropriate concentration which must be duplicated in sample solutions. 
Referri ng to curve C in Fi gure 6, it J an be seen that the effect of varying 
ma~nesium concentration below 2 x 10- M. produces no effect on equi librium 2. 
fl.bove this concentratio'1 , however , it is neces s ary t o maintain the ma rnesium 
concentration as constant as possible in both t he standard solutions and the 
final sample s olutions. 
Recommended procedure. Hagnesium will be treated as an example . Prepare 
a calibration curve in the following manner . Dissolve pure magnesium metal 
in acetic acid to yield a st andard solution of the des ired concentration. 
Transfer into a series of 25-ml. volumetric flasks aliquots of the st andard 
zinc acetate solution containing 5-ug,increments of zinc. Add appropriate 
aliquots of the maf nesium and 1PP solutions to each, mix, dil ute t o volume , 
allow to stand for one hour and read the absorbance at 551 mu against a refe r-
e~ solution of glacial acetic acid , using 5-cm. cells. Plot these absor bances 
vs. ug. of zinc per 25 ml. 'Ihe resultinp; cahbration curve will resemble curve 
A in Figure 8, althoup,h absor bance readings may be l ower f or a given quantity 
of zinc and the sensitivity decreased slightly . Solutions should be kept l ess 
concentrated than 1 x 10-2M. if possible . 
Dissolve samples, dilute to volume in a 100- ml. volumetric flask and 
remove aliquots to yield the same concentration of magnesium when diluted 
to 25 ml. as was used in the preparation of the calibration curv,e . Add the 
same amount of TPP, dilute to vol ume , allow to stand for one hour and read 
the absorbances as indicated above. 
Table 1 shows the r ecovery of zinc i n four samples in which the zinc 
was added to the solution of acetic acid while the magne sium metal was 
dissolving. A correction was necessary for a trace amount of zinc pref',ent 
in the ma~nesium metal. 
The rare earth metals 
samarium, and gadolinium. 
90 per cent glacial acetic 
behavior of the r ar e earth 
vlOuld be applicable to the 
used in this i nvestigation wer e praseodymium, 
Each of these three metals dissolved rapidly in 
acid . Judgin~ by t he close similarity in the chemical 
metAls it can safely be assumed that this method 
other members of the series. 
Metals soluble in formic acid 
Metals found to be soluble in hot , dilute formic acid are beryllium, 
iron, and yttrium. Beryllium wi ll be treated as an example. 1be metal 
dissolves in formic acid and the formate formed on evaporation i s soluble 
i n dilute acetic <1cid. Formic aci d in c0ncentr ations rreater than 5 x 10-2M. 
begins to a ff ect t he zinc ion- TPP equilibr ium. Cons·"quently the beryllium 
concentrauion must be kept l ower than thi s , preferably about 2 x 1o-3M., and 
as constant as possible, in orcler to obt ain the best analytical results. 
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'l'able l. Direct determ-ination of zinc . 
Metal Cone. of IJie tal, Zinc Added, , Zinc Found, Error, 
x 1uJ M ug. up, . ug. 
Mg 5 40 43 t.3 
5 50 5o toO 
5 60 62 ;2 
5 70 72 +2 
I3e 5 4o 35 -5 
5 60 58 -2 
5 80 79 -1 
5 100 97 -3 
Cd 2 50 49 - 1 
2 60 61 ... 1 
2' 70 69 -1 
2 80 82 +2 
Recommended procedure. Prepare a cal-Lbration curve in the follow.rinr, 
manner . Dissolve pure beryllium metal in formic acid to yield a standard. 
solution of the desired ccncentr ation . Into a series of beakers, add 
aliquots of the standard zinc acetate solution c ontainin~ 5-ug, increments 
of ~inc and add appropriate and identical aliquot~ of the beryllium solution 
to each beaker . Evaporate to dryness , being careful not to heat the dry residue 
for any appreciable l ength of time. Dissolve the residue in dilute acetic 
acid and take to dryness a second time . Dissolve the residue in Rlacial 
acetic acid or in dilute acetic acid f ollowed by addition of acet i c anhydride . 
Transfer to a Sf'ries of 25-ml. volumetric flasks, add 5 ml. of TPP solution, 
dilute to volume , and allow to stand for one hour . The abso1·bances at 551 
mu are determined as previously outlined in the determination of zinc in 
magnesium, and a calibration (:Urve prepared . 
Dissolve samples, dilute to volume in a 100 -ml. volumetric flask and 
remove aliquots to yield the same concentration of beryllium when diluted 
to 25 ml . as was used in the preparation of the calibration curve . Drain these 
aliquots into beakers, evaporate to dryness as before, redissolve in acetic 
acid, and transfer to 25-ml. volumetric flasks . Add 5 ml. of 'I'PP solution, 
mix , dilute to volume , and me asure the absorbance at 551 mu aft er one hour. 
Results for four consecutive sa .cples in which the final beryllium concentra-
tion, was 5 x 10-3M. are shown in Table l. 
22 
T·1e tallic samples of beryllium and iron dissolve r ather s l owly in formic 
acid and should be taken in a finely divided form if poEsible . Iron will 
also dissolve directly in acetic acid although much more slowly . 'Ihe color 
which develops when i ron formR.te is dis solved in acetic ac i d is characteristic 
of iron acetate solutions in 17,lacial acetic ac id. A correction must be 
made for absorbance at 551 mu due to this color.. This correc tion is di s -
cussed under "LIHI'IA'liONS AND IN'l'EH.FERENCZS". 
Hetals vlhich yield nitrates easily converted to oxides soluble in acetic acid 
Cadmium was the only example of this category Hh i ch 1-.ra s encountered, 
although there may be others. The close association of cadmium and zinc in 
nat~re due to their chemical similarity and the scarcity of spectrophotometric 
methods for determ~ ning zinc i n the 9resence of cadmium renders t his appH-
cation deserving of particular mention. 
The main problem i nvolved in developing this method 1•ras the deEtruction 
of nitrate ion present after dissolving cadmium metal in nitric acid . An 
attempt was made to destroy excess nitric acid and nitrate i_on by re action 
I~Tith formic acid to produce carbon dioxide , oxides of ni_tro p,en, and Hater . 
It was believed t hat the cadmium nitrate would be converted to cadmium 
fo rmate , the presence of which could be tolerated in the system. To each of 
a series of beakers containing 0.05-grn. samples of cadmium metal WciS added 
an equal aliquot of dilute nitric acid to effect solution . Aliquots of dilute 
formic aci d were then added t o each in respeetively incr easing amo'mts . 
After heating for 1!) minutes to cause reaction of excess nitric ac id and 
nitrate with formic acid the solutions were co oled and titrated with s t andar d 
base. This made it possible to determine exactly how much formic acid had to 
be added to destroy all of the nitric acid pr f:sent. '~hen this amount was 
determined several samples were dissolved , allowed t o react with formic acid , 
and then mixed with 'IFP and a known amount of zinc. 'Ihe zinc complex failed 
to form and it I~Tas postulated that cadmium formate mi ght somehow interfe re . 
Cadmium formate crystals were prepared as outlined under "HA'l:t:RIALS .H.ND 
APPARA1US", and a standard cadmium formate solution was prepared. The addition 
of cadmium formate to a solution of 'IPP and zinc in which equilibrium 2 
was established did not hi nder or prevent Zn'l'PP f or mation but rather enhanced 
it by the basic eff ect of the formate ion. 
1rJhen all efforts to destroy the residual amount of nitrate raiied, 
i gnition of cadmium nitrate was attemp ted. Cadmium nitrate samples with 
kno~m amounts gf zinc added were placed in crucibles and ignited i n a muffle 
furnace at 500 C. for 15 minute s . On r emoval fro r~ the furnace a small amount 
of black oxide with '3. metall ic lust er was found clinging to the bottom of 
t~e crucibles. The oxide readily dissolved in ~..rarm r,l acial acetic ac id 
and subsequent addition of 'IPP to diluted aliquot of' the sample ::: , follm..red 
by the determination of zinc , indicated that all intecferine nitrate had 
been destroyed. The result s of four consecutive zinc determi nations i n the 
presence of cadmium are shown i n Table l. By reference to curve A in 
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Figure 6 the advantage of maintaini~g cadmium concentrations in the range of 
2 x 10-3M. is r eadily seen . In this range variations in cadmium concentration 
have little effect on the zinc-TPP equilibrium. 
Recommended procedure. Prepare a calibration curve in the following manner. 
Dissolve pure c~dmium metal in nitric acid (or cadmium nitrate in water) to 
yield a 1 x 10- M. standard solution of cadmium. Transfer into a series of 
glazed crucibles aliquots of the standard zinc acetate solution containing 
5-ug, increments of zinc. Add 5 ml. of the cadmium solution to each crucible 
and evaporate to dryness . Ignite the residues at 500 to 6oooc. for 15 mlnutes, 
allow to cool, add 5 to 10 ml. of glacial acetic ac id and war~ to dissolve . 
Transfer into 25-ml. volumetric flasks, add 5 ml. of TPP solution, mix, dilute 
to volume, and allow to stand for one hour. Read the absorbances at 551 rrru 
and prepare a calibration curve as previously outlined in the determination 
of zinc in magnesium. 
Weigh 5-mg. samples into crucibles and dissolve in dilute nitric acid. 
Evaporate to dryness and ignite as before. Dissolve samples from crucibles 
with hot glacial acetic acid , transfer to a 100- ml. volumetric flask, dilute 
to volume, mix, and transfer a 10-ml. aliquot into a 25-ml. volumetric flask. 
Add TPP, mix, dilute to volume, allow to stand for one hour, and read the 
absorbance at 551 mu as before. 
Indirect Determination of Other Metals 
Many organic salts, chelates, complexes, and other compounds which 
dissociate as bases in glacial ace tic acid can be analyzed f or their metallic 
component by observing their basic e ffe ct on the zinc-TPP equilibrium through 
changes in the absorbance at 551 mu. Increased concentration of a favorable 
anion sPrves to decrease the effective hydrogen ion concentration and thereby 
increase the amount of zinc complexed. This effect is shown by the straight 
line portions of curves (A) and (B) in Figure 6. Hence, an indirect spectro-
photometric determination can be devised to complement or substitute for 
gravimetric procedures to determi ne metals other than zinc in certain com-
pounds. Results for eight consecutive determinations of sodium are shown in 
Table 2. Similar procedures have been applied to the determination of potas -
sium and ammonium as acetate s , cadmium and lead as carbonat es and sodium as 
the chelate of dipivaloylmethane. 
Preparation of calibration curves for such indirect methods requires 
that the compound used as a standard and the compound to be determined be com-
pletely dissociated in glacial acetic acid to yield anions of comparable 
basicity (13). Since a difference of 0 .1 ug.of zinc in 25 ml. would intro-
duce a significant error in the indirect determination of another metal~ 
extreme car e is required in measuring the amount of zinc added . 
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Recommended rocednre. Prepare a calibration curve in the fo llowing manner. 
Dilute 0 ml. of the st andard zinc acetate solutions to volume in a 500-ml . 
volumetric flask and use this solution to deliver aliquots containing 20 ugs. 
Table 2. Indirect deter mination of ot~er metals. 
Sodium Salt 
For mate 
Benzoat e 
Cone. of 
Compouod, 
I1 X l Oj 
5 
5 
5 
5 
5 
5 
5 
5 
Sodi um 
Taken, 
ug. 
20 
40 
60 
80 
20 
40 
60 
80 
Sodium 
Found , 
ug. 
18 
41 
58 
78 
20 
39 
60 
77 
Error, 
ug. 
-2 
... 1 
-2 
-2 
~0 
-1 
!O 
-3 
of zi nc into a series of 25-ml. volumetri c flasks. Increase the concentr ation 
of the standard compound by adding respectively larger aliquots of a standard 
solution into each volumetric flask. Add 5 ml. of TPP solution, mix, dilut e 
to volume, allow to stand for one hour, and r ead the absorbances at 551 mu 
in 5-cm. cells as outlined previously for the determination of zinc in mag-
nesium. Prepare a calibration curve by plotting absorbances at 551 mu vs. 
mi crogr ams of the metal being determined per 25 ml . 
Dissolve an appropriate amount of t he sample in glacial 8~etic acid, 
or in dilute acetic acid followed by the addition of acetic anhydride , and 
dilute to volume in a 100-ml. volumetric flask. Into 25-ml. volumetric 
flasks add aliquots of this solution to yield at least three different 
concentrations of the sample . Add TPP, mix, allow to stand for one hour and 
read absor bances at 551 mu as before. 
Extraction of ZnTPP into Benzene 
Although extraction procedures were not used in any of the met hods out-
lined above, it W!'lS felt that the following information might be applied in 
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the development of variations of these methods for the solution of other 
analytical problems. The ZnTPP complex and excess TPP are easily extracted 
from acetic aci d into benzene. The extractions can be made quantitatively 
in one pass as follows . 
Recommended procedure . Add benzene to t he acetic acid solution of TPP 
containing the zinc complex until the rreen solution has a definite tinge of 
red color to it and shake vigorously for about 60 seconds . Then add a volume 
of water at least equal to the combined volumes of acetic acid and benzene . 
and shake for 10 seconds. Allow 5 minutes for separation of the aqueous 
layer. Wash the benzene layer with an equal volume of water and separate 
the phases as before . Dry the benzene solution over anhydrous sodium sulfate 
for one hour. 
The phR~es separate with a clean interface and rapid extractions are 
possible. Spectra of different benzene solutions used to extract aliquots of 
an acetic acid solution of TPP and ZnTPP displayed excellent reproducibility. 
LIMITA 'liONS AND INTERFERENCES 
Limiting Factors and Corrections 
Preliminary tests are necessary to determine Wh ether the above procedures 
are applicable to alloys of the metals mentioned as being soluble in acetic 
acid or formic acid . The presence of other metals in proportions great 
enough to render samples insoluble in these solvents may necessitate the 
use of ni tric acid. The latter alternative is limited by t he fact that 
appreciable amounts of metals whose oxides are not soluble in acetic acid 
may render the procedures inapplicable. Incomplete conversion of nitrates 
of some metals to the oxides also causes interference due to the subsequent 
solvolysis of the nitrate ion in acetic acid. 
The cations which were checked for int~rference were those most likely 
to form complexes with TPP in acetic acid (8). Quantitative study of the 
zinc-1PP equilibrium in solutions of Ni(II), Co(II), Fe(II), Fe (III), and 
Ag(I) at concentrations up to 4 x 10-JH. shows no interference due to complex 
forma~ion. Cu(II) is the only ion encountered other than Zn(II) which 
forms a complex at r oom terperature. The absorption spectrum of CuTPP is 
similar to that of ZnTPP (Figure 3), the prominent band occurring at 537 mu 
with a molar absorptivity of approximate l y the same as that for the zinc 
complex. 
Nickel (II), Co(II), and Fe(II) develop significant colors in gl~cial 
acetic acid and corrections for their absorpt ion at 551 mu may be necessary. 
Their colors are easily detected visibly at the following concentrations in 
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a 50-ml~ volumetric flask : Co(II) (pink), 6 x 1o-4M.; Fe(II) (yellow) , 
4 x 10-4 M.; Ni(II) (green), 8 x l0-411. The appropriate molar absorptivities 
at 551 mu are: Co(II), 15; Fe(II), 30; Ni (II), 20. 
Determination of Zinc in the Presf;nce of Trace Copper 
A close approximation of the Cu(II) concentration (if appreciable) 
can be made by observi.ne; the absorbance of copper ( II) acetate at 680 
mu in concentrated solutions of the sample. The molar absorptivi ty of copper 
(II) acetate at 680 mu in glacial acetic acid is approximately 200. To then 
determine the Cu(II) concentration more accurately. thP r r ocedure of Smith 
and Wilkins (13) utilizing 2,9-dimethyl-4,7-diphenyl-1, 10-phenant hroline is 
rec ommended . Blanks are prepared by delivering aliquot s of a standard 
copper (II) acetate solution from a microburette to give a final Cu(II) 
concentration corresponding exactl y to that of the sample. This aliquot 
is added to a 25-ml. volumetric flask containing the same amount of 'l'PP 
to be used in the final determination of zinc. The absorbance of this blank 
at 551 mu gives an absorbance value -.,Thich may be referred to a calibration 
curve for the determination of zinc. In Fie;ure 4. curve A, the abs orbance at 
551 mu is plotted vs. tirre elapsed after mixing of copper and 1PP solutions 
( TPF i n excess ) . Copper concentrations lmv enough to escape visual detection 
by the color develcped in glacial acetic acid are easily detected by a shift 
in wavelength of the ZnTPP absorpt i on band from 551 mu toward 538 mu. This 
shift is i ndicative of the Zn:Cu ratio jn the sample. Table 3 shows the results 
of determi nations at several different Zn:Cu ratios, 
Table 3. Determination of zinc in the presence of copper . 
Copper Present, 
ug. 
5 
10 
15 
20 
20 
Zinc Added, 
ug. 
10 
20 
30 
40 
30 
Zinc Found, 
ug. 
11 
20 
31 
40 
30 
Error, 
ug. 
:!:0 
1'"1 
:1:0 
-
!O 
SUGGESTIONS FOR FU'I'URE WORK 
Further investigations aimed at broadening the field of analytical 
applications of TPP might well be concerned with the following points: 
a. The possibility of pyrohydrolysis or ion exchange methods to 
convert nitrate or perchlorate salts to acetates or formates 
before introduction into glacial acetic acid. 
b. The possibility of utilizing extractions in developing new 
applications. 
c. Complex formation in solvents such as dioxane, acetonitrile, 
dimethylformamide and others. 
d. The use of 90 per cent formic acid, possibly with enough acetic 
anhydride i ncluded to react with all of the water present, might 
present further possibilities both in the direct and indirect 
applications. 
e. A better knowledge of the actual ion pair entities in glacial 
acetic acid would be of tremendous importance in extending appli-
cations of the analytical methods outline. 
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f. A better method might be developed to circumvent the interference 
caused by copper. 
These are some specific examples of the many avenues for further re-
search involving analytical applications of TPP suggested by the preliminary 
observations contained in this report. 
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